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DRAG MEASUREMENTS OF A PROTRUDING .50~CALIBER
MACHINE GUN WITH BARREL JACKET REMOVED
By Arvo A. Luonma |
SUMMARY .

Tests were made in the NACA 8-foot high-speed tunnel to
determine the drag redﬁction possible by eliminating the
barrel jacket of a érotruding .50-caliber aircraft gun.

It was found that the drag of a standard aircraft gun
4prstruding into the air stream at right angles to the flow
can be reduced by 2% percent by discarding the barrel jacket.
At 350 miles per hour and sea-level conditions this amounts
to a drep in drag from 83 to 6l pounds and a decrease in
horsepower absorbed by drag from 78 to 60 horsepowsr.

A rough surface finish on the barrel was found to have
no adverse effects on the drag of the barrel, the drag being
actually less at high Mach numbers. The significance of this
is that, as far as aerodynamic considerations are involved, a
barrel finish produced by.a rough machining operation is no
worse - but probably somewhat better - ﬁhan one produced by a
fine machining operation. _

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Department,



tests were made in the NACA 8-foot high-speed tumnel to detepr
mine the dragzg reductlon possible by eliminating the barp@%
jacket of a protruding .50-¢aliber aircraft gun, A@g@pg;pg
to the ¥avy Department, firing tests have shown that the disr
perzion patterns of a .50-calliver aircralt gun which had been
modified by removing the Jacket and substituting & short
bearing forward of the trunnlen are equally as good as those
of the standard gun.

In reference 1 the alr drsg of a stendard ,50-~calibsr &ir-
eraft gun wes determined, as well as the baslc data necessary to
permit the calculation of the power to drive such nrotruding
guns when used in power-operated turrets. In the present tests
similar data were obtained for a ,50-caliber alrecraft gun with
the barr Ul Jocket removed. The effect on drag of roughness on
the barrel surface (e.g., roughness due to coarse machining
operztions) was also determined.

APPARATUS AND METHODS

These tests were made in the NACA 8-foot high-speed tunnel.
This is a single-return, circular-~section, closed-throat tunnel
end has an airspeed continuously controllable from approximately
75 to more than 500 miles per hour,

A .50-caliber alrcralt gun, which the Alrcraft Armament Unit,
Naval Air Statlon, Norfolk, Va., modified by removing the
barrel jacket, was used in the tests. However, the short

bearing, which was substituted for the barrel jacket and which
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was located forward of the trunnlon was not inoludeg“onrthe
wind-tunnel model With the gun pivoted as shown in figure 1
and when perpendicular to the air flow, the bearing would have
prcjected approximately 1 inch into the stream boundary layer -~
which is about 5 inches thick - on the tunnel wall, and the
incremwent of drag due to the protrﬁding part of the bearing in
the low-velocity air df the boundafy layer would be negligible,
Moreover, when the gun barrel is swung through an anzle range,
the bearing moves completely 6ut of the alr stream, It was
declded, therefore, not to represent the bearing on the model.
The model sstup and the method of testing were the same as in
reference 1. The same angle range was COJDPUG but higher
speeds were included.
RESULTS AND DISCUSSION

F"I,

e following symbols ares used (sce fig. 1):

I
Q angle made by the barrel of the machine gun with the
perpendicular to the air flow; the angle of the gun is

positive when the gun muzzle points into the air stresam

L length of gun protruding into air stream, measured along
gun axis
Dg average outside disameter of length of barrel L pro-

truding into air stream
A axial cross-section arsza of barrel in air stream: this

area 1s equal to L X Dy
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Cp drag coefficient based on area A
Co eross-wind force coefficient based on area A; (see
fig., 1 for definition of positive direction)

<

14 rojection of length L on plane perpendicular to

»—;\)

air flow (1 = L cos a)
ad distance from top of tunnel wsll to center of pressure

of resultant alir force on gun axis, measured parallel

to 1
Cp center-of-pressure coeflficient (d/Z)
v, velocity in the undisturbed stream
a speed of sound
i Hach number (Vo/a)

The drag, cross-wind force, and center-of-prescure coal-
ficients for the ,50-caliber machine gun without barrel Jacxe?t

ere shown plotted against Mach nwaber in figure 2 for sevsral

-

ngles a. is was the case in reference 1, the force coef-

O

“

ficients are based on the axial cross-section area of the gun
in the air stream. The srea of the plain barrel 1s about

38 percent less than the corresponding ares of the standard
gun.

A comparison of the drag coefficient variation with Mach
number (fig. 2) for equal positive and negative values of
angle shows gquite unexpected differences. Excent for an
~angle of 600, the curves for angles with the gun barrel

-,

pointing aft show the sharp rise in drag coeflfficient
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xa§§ogigpg§ witﬁ Magh number effects for speeds beyond the
critical speed. For the forwérd fbééiti&éjiéﬁglés, ﬁoﬁé;é;;
this_riéé in drag coefficlent is much more gradualvor entirely
lacking. An explanation for this difference is not poszible
from the data obtained. It may be suggested, however, that,
in addition to the complication of three-dimensional flow,

the taper in the gun barrel and the air leakage through the
small clearance gap between the gun barrel and the tunnel

wall may have produced - or alded in produclng - sufficient
change In the type of air flow, and hence separation phenomena,
about the gun to account feor the difference in drag behavior
"for positive and negative angles. One effect of taper in the
barrel 1s that sections of the barrel exposed to the alr flow
are more stresmlinedwhen the gun points alft than when 1t noints
forward. Also, when the gun points forward there is & cross~
flow tendency toward the breech end and, when it points aft,
toward the muzzle end.

From the data of figure 2 it is évident that critical
Reynolds number effects, characterized by an appreclable de-
crease in drag coefficient with increase in Reynolds number as
exemplified by the drag data for the unslotted replica of
reference 1, dld not develop for the plaln barrel because of
the onset of compressibility phenomensa at those speeds at
Which the drag decrease could be expected.  TFor a given size

of cylinder, critical Reynolds number effects ¢can be madé to




-6 -

occur at lower velecities by increasing the initial tufbulénce
of the stream or by introducing roughness on the surface of
the cylinder (reference 2). Recourse was made to the

second of these methods in an effort to decrease the barrel
drag. Roughness was produced by'shQIUEking the barrel sur-

face. and then dusting no. 60 carborundum grains uniformly on

the wet snellac. when dry, the shellac firmly bonded the
grains to the barrel surface. A8 Tigure 2 illustrates, the

disturbance to the air flow introduced by the carborundum
particles wasg not sulficiently great to decrease the critical
Reynolds number. A 1argef size of carborundum grain may have
shown mcre favorable results. However, the test does bring
out the fact that the drag of the barrel is not adversely
affected by roughness, being actually less at high Mach num-~
bers. This means that, as far as aerodynamic considerations

are involved, a barrel finish produced by a rough machining

probably somewhat better ~ than one

overation 1is no worse - but
produced by a fine machining operation.

The drag coefficient of the plain barrel is about 29 per-
cent greater than that of the standard gun, but, since the ex-
posed area in the 2ir stream is reduced by 385 percent when the
barrel jacket is eliminated, there is an appreciable drop in
pounds of drag for the gun without the jacket. The proper

comparison of the drag of the machine gun with and without

barrel jacket is brought out in figure 3 in which actual drag
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in pounds is plotted against speed for sea-level conditions.,.

Flgures 5 ond h are bas=d on the drag coefficient data of

figure 2 and reference 1 for"a ;rbo. In convertlng to sea-
level conditions, the data were computed for the correct Mach
number. The Reynolds number for the flight sea-level exemple
differs slightly from the values obtained in the wind-tunnel
test at the same Mach number, but the effect of this difference
is inappreciable on the value of the drag-force reduction due
to the elimination of the jacket. By eliminating the barrel

~

Jacket 1t is seen that the drag of the gun when vertical to the
air flow is reduced by 23 percent, At 350 miles per hour the
drop in drag is from 83 pounds to 6l pounds. Al so included
in figure 3 is the drag of the barrel when roughened with
carborundum gralins. Above 1,00 miles per hour there is a de-
crease in drag due to roughness on the surface. This
improvement may be due to less adverse separation character-
istics when roughness is introduced. Figure lL shows the
horsepower absorbed in alr drag by a machine gun with and
without barrel jacket. Eliminating the barrel jacket de-
creases the horsepower absorbed in drag from 78 to 60 horse-
power at 350 miles per hour.

The center~of-pressure data shown in figure 2 are some-
what less accurate because of gmaller forces than the corre-

sponding data for the standard gun of reference 1. The Cp

curve for 60° aft was not faired because of the scatter of the

test points.
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CONCLUSIONS

By eliminating the barrel jacket of & .50-caliber alr-
craft gun, the drag was reduced 23 percent; or, at 350 miles
per hour and sea-level conditions, the drag decreased from
83 to 6L pounds.

A rough surface finish on the gun barrel hed no adverse
.effects on the drag.
Langley Memorial Aeronautical Laboratory,

Nationel advisory Committee for Aeroneutics,
Langley Field, Va., Jenuary 26, 1943,
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